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[57) ABSTRACT

Modified scanning electron microscopes are usually
employed for the implementation of methods for testing
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METHOD FOR TESTING A PRINTED CIRCUIT
BOARD WITH A PARTICLE PROBE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for testing
a printed circuit board which comprises a plurality of
networks composed of contact points and intercon-
nects.

2. Description of the Prior Art :

Electron beam measuring methods for testing the
electrical properties of printed circuit boards and of
miniaturized connecting modules are known from the
publication Scanning Electron Microscopy, Vol. III,
1985, pp. 991-999, from the pubiication Microelectron-
ics Engineering, Vol. 8, 1988, pp. reference. Modified
scanning electron microscopes are usually employed for
the implementation of these methods. Due to the deflec-
tion chromatic aberration and the aberrations of the
objective lens that increase greatly with the deflection
angle, their scanning fields, however, are limited, so
that only printed circuit boards having a maximum size
of approximately 10 cmX 10 cm can be presently
checked (Probe Diameter d =30 um). Efforts to enlarge
the scanning field by improving the electron optics led

to the development of low-error or low-aberration ob-

jective lenses having integrated deflection systems (see,
for example, J. Vac. Sci. Techn., Vol. 19, No. 4, 1981,
pp. 1014, 1018). The further development thereof, how-
ever, involves a high technological and financial expen-
diture.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
method of the type generally set forth above that allows
even arbitrarily-large printed circuit boards to be tested,
without involved improvement of the optics that gener-
ate the particle probe.

The above object is achieved in a method for testing
a printed circuit board with a particle probe, whereby
the printed circuit board comprises a plurality of net-
works composed of contact points and interconnects,
the method being particularly characterized in that the
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printed circuit board is subdivided into a plurality of 45

adjoining regions, the contact points lying outside of the
first region are charged, the charge states of the contact
points lying within the first region is interrogated with
the assistance of the particle probe, and the respective
measured charge state is compared to the charge state
anticipated on the basis of network geometry.

The object is also achieved in a method for testing a
printed circuit board with a particle probe, whereby a
printed circuit board comprises a plurality of networks
composed of contact points and interconnects, the
method being particularly characterized in that the
printed circuit board is subdivided into a plurality of
~ adjoining regions, all contact points of the printed cir-
cuit board to be tested are charged, the contact points
lying outside a first region are discharged, the charge
states of the contact points lying within the first region
are interrogated within the assistance of the particle
probe, and the respective measured charge states are
compared to the charge states anticipated on the basis of
the network geometry.

The advantage which may be obtained in practicing
the present invention is that, in particular, even large
printed circuit boards can be tested in electron beam
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measuring instruments having a relatively small scan-
ning field.

According to a feature of the invention, in the first-
mentioned method, the charging of the contact points
lying outside of a first region, the interrogation of the
charge states of the contact points lying within the first
region and the comparison of the measured charge
states to anticipated charge states are carried out for
each of the other regions in a corresponding manner,
whereby the printed circuit board is discharged before
implementation of each of the charge steps.

According to another feature of the invention, the
first-method is also particularly characterized by a mod-
ification thereof in which only the contact points lying
within a second region are charged.

According to another feature of the invention, the
second-mentioned method 1s particularly characterized
in that each of the steps thereof is implemented for each
of the other regions in a corresponding manner.

According to another feature of the invention, the
method is particularly characterized in that the size of
the regions is selected to approximately correspond to
the size of the scanning regions of the particle probe.

According to another feature of the invention, the
method is particularly characterized in that the contact
points are charged with the particie probe.

According to another feature of the invention, the
method is particularly characterized in that the contact
points are charged or discharged by a planar irradiation
of the respective regions with a particle beam.

According to another feature of the invention, the
method is particularly characterized in that the regions
are brought into congruency with the scanning region
by displacing the printed circuit board or displacing a
particle optics that generates the particle probe.

BRIEF DESCRIPTION OF THE DRAWING

Other objects, features and advantages of the inven-
tion, its organization, construction and operation will be
best understood from the following detailed descrip-
tion, taken in conjunction with the accompanying
drawings, on which:

FIG. 11s a schematic representation of a plan view of
a printed circuit board having a plurality of networks
composed of contact points and interconnects; and

FIG. 2 is a schematic representation of a plan view of
a printed circuit board having a plurality of networks
composed of contact points and interconnects.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates a printed circuit board LP having a
plurality of networks composed of a multitude of
contact points (pads) and interconnects whose electrical
properties are to be tested in, for example, an electron
beam measuring instrument, such as disclosed in the
European application 0 189 777. Since the electron
probe, due to the aberrations of the objective lens and of
the deflection unit can only be reliably positioned to the
contact points lying in the close proximity of the optical
axis, the printed circuit board LP is subdivided into a
plurality of adjoining regions A-F whose size respec-
tively approximately correspond to the size of the maxi-
mum scanning field for a given probe diameter of d =50
um. For checking the networks for shorts and opens,
one of the regions (for example the one of the regions
(for example the region A) i1s brought into congruency
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with the scanning field characteristic for the objective
lens by mechanical displacement of the printed circuit
board LP or of the electron optics. Subsequently, one of
the contact points of a network (for example the contact
point a) lying within the region A is charged and a test
1s carried out to see whether the other contact points
belonging to the same network are likewise charged.
When this is not the case, an open must be present. A
short is detected in that the contact points of the other
networks (for example contact points of the network b)
are also charged when the network a is charged. After
the implementation of the corresponding measurement
at the networks (for example, the network b) likewise
lying only within the region A, the printed circuit board
LP is displaced in order to bring another region (for
example the region B) into congruency with the scan-
ning field and to test the networks thereof in the de-
scribed manner. The same is repeated at all other re-
gions C-F, whereby the printed circuit board LP is
respectively discharged before the beginning of each
test cycle, for example by irradiation with ions, low-
energy electrons or photons.

The test of the printed circuit board LP undertaken in
this manner allows shorts and opens in the networks
within the individual regions A-F to be detected.
Shorts between networks of different regions (for exam-
ple in the networks a and d) as well as opens between
contact points of networks that extend beyond regions
(for example, in the networks e or f), however, cannot
yet be therewith detected. This requires a further test
cycle in which the networks of a region (for example
the region A) are respectively tested with reference to
all other regions B-F. For explaining this test cycle, let
it be assumed below that the scanning field of the elec-
tron beam measuring instrument employed requires a
subdivision of the printed circuit board into only two
regions A’ and B’ (see FIG. 2). The contact points of the
networks A’, B’ and C’ should thereby lie only within
one of the regions A’ or B'. Further, a conductive con-
nection (short) to the network a’ is assumed to exist in
the network d’ (shown with a broken line in FIG. 2) and
an open is assumed to be present in the network e’

The test cycle can then be described in the following
manner:

implementation of the test within the regions A’ and

B, each respectively as set forth above;
discharging the printed circuit board:

positioning the region A’ in the scanning field of the

-electron beam measuring instrument;
charging all contact points lying in the region A’;
positioning the region B’ in the scanning field of the
electron beam measuring instrument;
~ scanning the charge state of the points lying in the
~ region B’ with the electron probe by detecting the
respective triggered secondary electrons; and
comparison of the respective measured charge states
with the charge states anticipated on the basis of
the network geometry. |

After implementation of the measurement, one can
therefore immediately determine that the contact point
of the network e’ lying the region B’ is not charged. An
open must consequently be present in this network.

The connection (short) of the network d’ to the net-
work a’ is expressed in that the network d' is charged.

Corresponding test steps are to be implemented when
testing printed circuit boards that must be divided into
more than two regions due to the limited scanning field
of the electron beam measuring instrument. The charg-
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ing or, respectively, discharging of the contact points
lying outside of the scanning field are thereby prefera-
bly undertaken with a large-area electron beam, ion
beam or photon beam, so that each region has to be
brought into congruency with the scanning field only
once. A mechanical displacement of the printed circuit
board or, respectively, of the electron optics can be
avoided when an electron beam system is assigned to
each of the regions.

In accordance with further aspects and features of the
invention, shorts in networks of different regions, as
well as opens between contact points of networks ex-
tending beyond regions can be detected after imple-
menting the following steps:

charging all contact points of the printed circuit
board;

discharging the contact points lying in the region B’

positioning the region A’ in the scanning field of an
electron beam measuring instrument; and

scanning the charge states of the contact points lying
in the region A’ with the electron probe.

The comparison of the measured charge states with
the charge states respectively anticipated on the basis of
the network geometry here likewise leads to the result
that the network a' and d’ are conductively connected
(with the discharge of the contact points of the network
d’ lying the region B’, the network a’ also discharges
due to the existing short). With reference to the charge
state of the contact point of the network e’ lying in the
region A’, one can also recognize that an open must be
present therein. |

Although we have described our invention by refer-
ence to particular illustrative embodiments thereof,
many changes and modifications of the invention may
become apparent to those skilled in the art without
departing from the spirit and scope of the invention. We
therefore intend to include within the patent warranted
hereon all such changes and modifications as may rea-
sonably and properly be included within the scope of
our contribution to the art.

We claim:

1. A method for testing a printed circuit board which
comprises a plurality of networks composed of contact
points and interconnects, comprising the steps of:

(a) dividing the printed circuit board into a plurality

of adjoining regions;

(b) charging all contact points lying within a selected
first region; .

(c) measuring the charge states of the contact points
of a selected second region by
(cl) scanning the contact points of the selected

second region with a particle probe;

(d) comparirig the measured charge states with refer-

~ ence charge states which are anticipated on the
basis of network geometry;

(e) repeating the steps (b) through (d) for each of the
other regions such that during each repetition a
different region is the selected first region; and

(f) before each repetition of the step (b), discharging
the networks of the printed circuit board,

2. The method of claim 1, wherein the particle probe
has a scan field of a predetermined size, and the step (a)
is further defined as:

(al) dividing the printed circuit board into a plurality
of regions each of which is approximately the same
size as sald predetermined size of said scan field.

3. The method of claim 1, wherein the step (b) is
further defined as:
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(b1) charging contact points which lie outside of the
selected region by irradiating those contact points
with a particle probe.

4. The method of claim 1 wherein the steps (b) and

(f) are respectively further defined as:

(bl) and (f1) charging and discharging the contact
points with a particle probe.

5. A method for tésting a printed circuit board with a
particle probe, the printed circuit board comprising a
plurality of networks composed of contact points and
interconnects, comprising the steps of:

(a) dividing the printed circuit board into a plurality

of adjoining regions;

(b) charging all contact points of the networks

(c) discharging all of the contact points lying within a

selected first region;
(d) measuring the charge states of the contact points

lying within a selected second
region;
(e) comparing the measured charge states to refer-

ence charge states which are
anticipated on the basis of network geometry; and

(f) repeating the steps (b) through (e) for each of the
other regions such that during each repetition a
different region 1s the selected first region.

6. The method of claim §, wherein the particle probe

has a scan field of a predetermined size, and the step (a)
1s further defined as: *

(al) dlwdmg the printed circuit board into a plurality

of regions each of which is approximately the same
size as said predetermined size of said scan field.
7. The method of claim §, wherein the step (b) 1s
further defined as:

(b1) charging the contact pomts of the networks of
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(b1) and (cl) planarly irradiating the respective

contact points with a particle beam.

9. A method for testing a printed circuit board which
comprises a plurality of networks composed of contact
points and interconnects, comprising the steps of:

(a) dividing the printed circuit board into a plurality

of adjoining regions of equal predetermined size;

(b) charglng all contact points lying w1th1n a selected

first reglon

(c) measuring the charge states of the contact points

of a selected second region by

(c1) scanning the contact points of the selected
second region with a particle probe having a
scan field of said predetermined size while caus-
ing relative displacement between the printed

circuit board and the scan field to effect congru-
ency between the scan field and the selected

second region, and

(c2) scanning the selected second region with the
particle probe and detecting the charge states of
the contact points;

(d) comparing the measured charge states with refer-
ence charge states which are anticipated on the
basis of network geometry;

(e) repeating the steps (b) through (d) for each of the
other regions such that during each repetition a
different region is the selected first region; and

(f) before each repetition of the step (b), discharging
the networks of the printed circuit board.

10. The method of claim 9, wherein the substep (c1)

of causing relative displacement is further defined as:

(cla) displacing the printed circuit board with respect

to the scan field.
11. The method of claim 9, wherein the substep (c1)

the printed circuit board by irradiating the contact 35 of causing relative displacement is further defined a:

points with a particle probe.
8. The method of claim §, wherein the steps (b) and
(c) are each further defined as:
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(cla) displacing the scan field with respect to the

printed circuit board.
* ¥ * %
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